Abstract
Introduction
A position in a commodity futures market is based on expectations about the future price behavior and profits (or losses) depend on the accuracy of the latter. Commodity futures trading does not usually contemplate the physical delivery upon expiration of the contract. Indeed, offsetting the position by selling (or buying) back the futures contract is not only doable but a cheaper strategy.
In this paper we will focus on the two main activities associated with futures trading: hedging and speculation. They do not have to be considered as referring to two separate agents. It may well be that typical hedgers, such as commercial firms, take a view on the market (speculate on price direction). Alternatively, speculators can find it profitable to engage in hedging activities (see Stulz, 1996, and Irwin et al., 2009 ).
Consequently it could be misleading to consider hedgers as pure riskaverse agents and speculators as risk-seekers. The futures' demand functions used in this paper will avoid this simplistic divide.
Futures trading involves an exchange between people with opposite views of the market (as to the future behavior of prices) and/or a different degree of risk aversion. It allows to shift the risk from a party that desires less risk to a party that is willing to accept it in exchange for an expected profit. 1 Why hedging with futures? Futures trading started -historically -when commodity producers and consumers tried to offset the losses due to unfavorable price fluctuations. Indeed, the main purpose of hedging is to reduce the price risk. In the case of an expected price decline, the hedging strategy of a producer will be to sell a futures contract at time t and to buy it back at expiration at time t+n. Assuming for simplicity that .) In the case of an expected price increase, the hedging strategy for a consumer will be to buy a futures contract (with maturity at time t+n) at time t at price t t C F = and sell it at time t+n. He will obtain the difference 0 > − + t n t F C that will cover the loss due to the increase in the spot price from t C to n t C + . In general futures and cash prices at time t do not coincide. The difference is known as basis and can be either positive or negative. It is usually considered an estimate of storage costs, transportation costs, and profit margins for sellers, but it could also reflect the local supply and demand conditions. When t t C F < (contango) then the market is dominated by risk averse commodity producers willing to pay a premium for their price insurance. On the contrary, when t t C F > (normal backwardation) the futures market is dominated by risk averse commodity consumers.
Speculation is essential for the smooth functioning of commodity markets as it assures liquidity and assumes the risks laid off by the hedgers.
Speculators, mainly non commercial firms or private investors, are ready to take up risks in order to earn profits stemming from expected price changes. No physical delivery is involved in this futures trade and speculation does not intervene directly in the cash market.
The literature has studied hedging and speculation in commodity futures from very different perspectives.
In the sixties optimal hedging behavior was identified by Johnson (1960) , Stein (1961), and McKinnon (1967) . They associated it with the minimization of the variance of the return of the portfolio of an hedger, constructed with cash and futures contracts. This approach allows to compute an optimal cover ratio β (the Minimum Variance Hedge ratio), defined as the percentage of cash contracts matched by futures positions that minimizes the variance of the hedged portfolio. It owes its popularity to its simplicity, since β -given by the ratio between the covariance of cash and futures returns and the variance of futures returns -can be easily estimated.
This approach has been refined both from a theoretical point of view -by introducing a larger spectrum of objective functions to be optimized -and from an empirical standpoint -by utilizing more complex econometric methods that allow for time series heteroskedasticity and time variation of the hedge ratio.
The MVH strategy focuses on the variance of the hedged portfolio and pays no attention to its expected return. Subsequent improvements include strategies based on hedged portfolio return mean and variance expected utility maximization 2 (Cecchetti et al., 1988 , Lence, 1995 , minimization of the extended mean-Gini coefficient (Kolb and Okunev, 1992) , or based on the Generalised Semivariance (GSV) (Lien and Tse, 2000) . It has been shown, however, that if futures prices are martingale processes and if the spot and futures returns are jointly normal then the optimal hedge ratio will converge to the ratio obtained with the MVH strategy. As for commodity futures, Chen et al. (2008) find that it is not possible to reject the pure martingale hypothesis while the joint normality holds only selectively and over long horizons.
The correlation between spot and futures is not perfect and, given the stochastic nature of futures and spot prices, the hedge ratio is unlikely to be constant. Static OLS hedge ratio estimation recognizes that the correlation between the futures and spot prices is less than perfect (Ederington, 1979 , Figlewski, 1984 , but imposes the restriction of a constant correlation between spot and futures price rates of changes. As such it could lead to sub-optimal hedging decisions in periods of high basis volatility and/or to inefficient revisions of the hedge ratio.
Recently, a large body of literature has arisen to cope with the dynamics of the joint distribution of the returns and with the time-varying nature of the optimal hedge ratio, using the large family of GARCH models. These studies suggest that optimal hedge ratios are time dependent and that dynamic hedging reduces in-sample portfolio variance substantially more than static hedging.
The out-of-sample advantages of the GARCH hedge ratio are much more controversial. Some argue that the GARCH hedge ratio enhances the outof-sample hedging effectiveness (see, among others, the seminal works of Baillie and Myers, 1991, and of Kroner and Sultan, 1993, Lee and Yoder, 2 The MVH is not only compatible with a quadratic utility function but, as shown by Benninga et al. (1983) , under certain conditions, it is consistent with expected utility maximization, a result that does not depend upon the nature of the utility function.
2007, who implement a Markov switching GARCH, and Chan and Young, 2006 , who incorporate a jump component in a bivariate GARCH). Others, however, considering the trade off between the benefits of a dynamic hedge and both the complexity of the implementation of the GARCH method and the costs of portfolio rebalancing, conclude that static hedging is to be preferred (Lence, 1995 , Miffre, 2004 , and Alexander and Barbosa, 2007 . Recent mixed evidence is set forth by Park and Jei (2010) , while Lien (2009) finds that GARCH modeling raises hedging effectiveness mostly in small samples, when there are sufficiently large fluctuations in the conditional variance of the futures returns.
The literature on commodity market speculation has followed two main strands. A direct approach based on an attempt to micro model simultaneously speculative and hedging behavior and an indirect approach, which analyzes the excess co-movement of commodity prices (with respect to common fundamentals) and ascribes this evidence to 'herding' behavior. In addition some recent studies have tried to exploit the information, extrapolated from the data provided by the CFTC, on the commitments of traders.
In an important paper Johnson (1960) suggests that hedging and speculation in the futures markets are interrelated. Speculation is mainly attributed to traders' expectations on future price changes that bring about an increase/decrease of the optimal hedging ratio in a short hedging context. Ward and Fletcher (1971) generalize Johnson's approach to both long and short hedging and find that speculation is associated with optimal futures positions (short or long) that are in excess of the 100 percent hedging level.
A different strand of analysis on speculation in the commodity markets focuses on the presence of excess (with respect to a component explained by fundamentals) co-movement of returns of unrelated commodities (Pyndick and Rotemberg, 1990) . Subsequent research -see among others Cashin et al. (1999) , Ai et al. (2006) , and Lescaroux (2009) 3 The hedge ratio is also defined as the ratio between the number of futures and cash contracts.
The optimum hedge ratio depends upon both the covariance between the changes in futures and cash prices and the variance of the futures price changes.
In the empirical analysis below we will assess the effectiveness of the optimum hedge ratio using as benchmarks the unhedged cash position In order to analyze the reaction of hedgers to shifts in commodity returns, we extend the standard hedging model by introducing a dynamic component.
We assume that the expected utility of hedgers is an inverse function of the expected variability of their optimally hedged position. The variance of this position (or portfolio) can be defined, replacing in equation (2) the optimal hedge ratio * β by its determinants set out in equation (3) It is generally accepted that futures trading is a zero sum game. As pointed out by Hieronymus (1977) , among others, "for everyone who thinks the price is going up there is someone who thinks it is going down, and for everyone who trades with the flow of the market, there is someone trading against it"(pg 302). Thus we can assume that the net demands of both agents are balanced or equivalently that the demands of hedgers and speculators add up to 1, i.e. that
Substituting equations (4) and (5) in equation (6) and readjusting terms, we obtain the following expression for the expected futures return
, we obtain the following testable relationship The dynamics of this relationship is in line with the stylized facts detected in a paper by Fagan and Gencay (2008) , where the negative correlation between futures returns and hedger net long positions supports the idea that large speculators are net buyers in rising markets, while large hedgers are net sellers. This behavior is encompassed by our (more general) model, when it contemplates the case of hedgers being net sellers -when H b is negative -and futures returns going up.
Section 2 A bivariate non linear CCC-GARCH representation
We focus on futures prices since commodity prices are typically discovered in futures markets and price changes are passed from futures to cash markets (Garbade and Silber, 1983) . Indeed, trading is quicker and cheaper in the futures than in the cash markets. Economic theory, however, suggests that the prices of the cash assets and of the corresponding futures contracts are jointly determined (Stein, 1961) . Our empirical estimation thus includes a relationship that describes the behavior of cash returns, along a futures returns relationship, and analyzes the covariance between these two variables. Over the longer term equilibrium prices are ultimately determined in the cash market as all commodity futures prices at delivery date converge to the cash price (plus or minus a constant). This behavior justifies the existence of a cointegration relationship between futures and cash prices and the use of an error correction parameterization of the (conditional) mean equation
In order to investigate empirically the presence of hedging and speculation in the commodity markets we estimate a non linear bivariate GARCH model for futures and spot returns. The conditional mean of the futures returns is modeled by equation (9'), the conditional mean of the cash returns, equation (9), is parameterized by an autoregressive error correction structure, and the conditional second moments are quantified by a bivariate CCC-GARCH(1,1). Summary statistics of cash and futures returns are presented in Table 1.   < INSERT TABLE 1 ABOUT HERE >   5 The futures contract expires on the 3rd business day prior to the 25th calendar day of the month preceding the delivery month. If the 25th calendar day of the month is a nonbusiness day, trading ceases on the third business day prior to the business day preceding the 25th calendar day. (ii) The absolute value of the ratio between speculative and hedging factors set forth in Table 7 measures the relative impact of risk on futures 6 The logarithms of the prices of the cash and futures contracts are always I(1) and their first differences I(0). The test statistics are not reported for lack of space. 7 The t-ratios reported in the tables are based on the robust quasi-maximum likelihood estimation procedure of Bollerslev and Wooldridge (1992) . 8 See Chang (1985) and Bessembinder (1992) . returns. It is higher than 1 for the copper, oil and soybeans markets, where speculators seem to be more reactive to futures risk than hedgers. Table 8 for the three hedge ratio estimators. The naïve hedge portfolios are clearly outperformed by the optimal hedge portfolios, a finding that differs from the results obtained by Alexander and Barbosa (2007) . Commodity markets, in spite of their growing financiarization, cannot compare, in terms of efficiency, with the major stock markets and optimal hedging remains an effective risk reduction technique. Our CCC-GARCH model provides the minimum risk hedge in three out of five markets, a finding that corroborates the validity of its parameterization.
Speculators are risk averse (since the corresponding
9 Equation (9') imposes coefficient restrictions that are justified by the model. We have estimated a reduced form version of our CCC-GARCH(1,1) model, replacing (b H /d S ) and (e S /d S ) with the corresponding unrestricted coefficients. We were unable to reject the null associated with these restrictions performing standard LR tests. The corresponding tests statistics are available from the authors upon request.
Only in the case of cotton and soybeans, among the less volatile markets of the sample, does the OLS optimal hedge provide the best results.
< INSERT TABLE 8 ABOUT HERE >
4 Hedging, speculation, and futures pricing regime shifts Sarno and Valente (2000) and Alizedeh and Nomikos (2004) analyzed the changes in the relationship between futures and spot stock index returns using a Markov switching model set out originally by Hamilton (1994) . In our investigation we use this technique in order to analyze the shifts over two regimes in commodity market hedging and speculative behavior.
Using the full sample estimates of the conditional second moments obtained in the previous section, equation (9') is adapted in a second step to a two-state Markov switching framework in which the drivers of futures returns are assumed to switch between two different processes, dictated by the state of the market. Equation (9' 10 If we repeat the exercise using weekly returns estimates of our CCC-GARCH(1,1) model and introduce a weekly portfolio rebalancing, the CCC-GARCH beta portfolios consistently outperform both the OLS beta and naïve beta portfolios in all commodity markets. where T is the total number of sample observations. In this paper we base the identification process of the nature of the regimes, essential for the interpretation of a Markov switching model, on the estimates of equation (10) and on the analysis of the behavior over time of the state probabilities.
< INSERT TABLE 9 ABOUT HERE >
In Table 9 are set out the estimates of equation (10) The estimates of the weighted coefficient ratio (SPEC) set forth in Table 9 strongly suggest that in state 2 the impact of speculation on futures price dynamics is much stronger than in state 1 of the market. Finally, the optimal hedge ratio β tends to increase during the high volatility period in the case of oil, silver, and copper (a result due to the significant increase in correlation between spot and futures returns), while for cotton and soybeans the reverse holds true. In the upper graph of each figure is set forth the behavior over the sample of the time t probability that the market is in regime 1. In the lower graph is set out the rate of return of the corresponding futures contract. Visual inspection suggests that regime 1 may be associated with periods in which return variability is low (and thus regime 2 with periods in which it is high).
< INSERT TABLE 10 ABOUT HERE >
In table 10 are finally reported the correlation coefficients between the probability 1 regime and the daily rate of return and standard deviation of the corresponding futures contract. As expected, we find a large negative and significant correlation coefficient between the regime 1 probabilities and the daily standard deviations. We detect, however, also a significant positive correlation of these regime probabilities with futures returns. This result indicates, especially for silver, a more complex identification of the nature of the state variable t s . Regime 1 is to be associated with both low futures return variability and, to a lesser extent, with positive futures price 12 The correlation between the spot and futures returns is generally stronger in the high volatility regime. In the case of cotton and soybeans, however, the increase is small (3.75 and 1.16 percent, respectively). This lack of reaction to volatility shifts may explain the portfolio risk minimization results of Table 8 , where, for these commodities, the timevarying conditional hedge ratios are outperformed by the constant OLS optimal hedges. 13 For each market, bouts of high variability are clearly identified. They do not coincide in the first half of the sample and tend to be more synchronized in the second half, a symptom of the growing financial integration of the commodity markets.
rates of change (i.e. possibly with a bullish market), and regime 2 with high return variability and negative futures price rates of change (i.e. with a bearish market).
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Conclusions
This paper examines the dynamic behavior of futures returns on five commodity markets. The interaction between hedgers and speculators is modelled using a highly non linear parameterization where hedgers react to deviations from the minimum variance of the hedged portfolio and speculators respond to standard expected risk returns considerations. The relationship between expected spot and futures returns and time varying volatilities is estimated using a non linear in mean CCC-GARCH approach.
The results point to the suitability of this choice because of the quality of fit and of the sensible meaning of the model's parameter estimates.
In spite of the growing role of speculation, over the 1990-2010 sample period, hedgers do play a relevant role since futures returns dynamics is mostly associated with the variability of the hedged portfolio, especially in the low volatility regime.
We account for the impact of financial integration of the commodity markets by allowing the demand of futures to be dependent upon the "state of the market" via a Markov regime switching approach. Both visual inspection and correlation analysis suggest that regime 1 be associated with periods in which return variability is low and regime 2 with periods in which it is high. Optimal hedging ratios computed in each state are larger in high volatility regimes for oil, copper and silver, while the reverse holds true for cotton and soybeans. The differences across regimes in hedging and speculative behavior are distinctive and not homogeneous across commodities. The role of speculators appears to be very strong, and significant, when market volatility is high in the case of copper, soybeans, and oil. However, the positive correlation of the regime probabilities with the futures daily rates of returns suggests, especially for silver, a more complex identification of the nature of the state variable. Thus further investigation, e.g. introducing a four regime framework, could provide additional insights about the nature of the volatility of the futures returns for some of the commodities of our study. 
